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(54) [Title of the Invention] 



SEMICONDUCTOR STORAGE 

(57) [Abstract] 

[Purpose] 

To provide a semiconductor storage capable of page read and random read, and particularly capable of smooth page read 
and high speed write. 

[Construction] 

A semiconductor storage device wherein mutually orthogonal word lines WL and bit lines BL are arranged plural by 
plural, an arrays disposed with rewritable memory cells M in respective crossing parts of these word lines WL and bit lines 
BL are divided into two subarrays 1 , r is characterized by the fact that the array divided word lines WL are sequentially 
selected one by one in the read operation and two array divided word lines WL are simultaneously selected in the write 
operation. 

(Figure, pi , lower right) 

(top) 

subarrayl subarrayr 
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[Claims] (revised, see suppl. pp 1 - 2) 



[Claim 1] 

Semiconductor storage device wherein mutually orthogonal word lines and bit lines are arranged plural by plural, an array 
disposed with rewritable memory cells in respective crossing parts of these word lines and bit lines is divided into plural 
subarrays is characterized by the fact that the array divided word lines are sequentially selected one by one in the read 
operation and two array divided word lines are simultaneously selected in the write operation. 

(Claim 2] 

A semiconductor storage device wherein mutually orthogonal word lines and bit lines are arranged plural by plural, an 
array disposed with rewritable memory cells in respective crossing parts of these word lines and bit lines is divided into 
plural subarrays is characterized by the fact that the plural word lines divided by each the subarray are simultaneously 
selected in the write operation. 

[Claim 3] 

A semiconductor storage device wherein mutually orthogonal word lines and bit lines are arranged plural by plural, an 
array disposed with rewritable memory cells in respective crossing parts of these word lines and bit lines is divided into at 
least two subarrays is characterized by the feet that respective corresponding word lines in the paired subarrays are 
simultane-ousry selected by one set of row address in the write operation. 

[Claim 4] 

A semiconductor storage device wherein mutually orthogonal word lines and bit lines are arranged plural by plural, an 
array disposed with rewritable memory cells in respective crossing parts of these word lines and bit lines is divided into at 
least two subarrays is characterized by making the page size in the write operation longer than the page size in the read 
operation. 

[Claim 5J 

A semiconductor storage device wherein mutually orthogonal word lines and bit lines are arranged plural by plural, an 
array disposed with rewritable memory cells in respective crossing parts of these word lines and bit lines is divided into 
plural subarrays is characterized by the fact that the numbers of selected word lines are differentiated by the read 
operation and the write operation. 
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[Claim 6) 



A semiconductor storage according to Claim 5, which is characterized by the fact that the number of word lines selected 
by one-time operation is maximum one in the respective subarrays by the read operation or the write operation. 

[Claim 7] 

A semiconductor storage according to Claim 5 or 6, which is characterized by the tact that the number of word lines 
selected by the write operation is greater than the number of word lines selected by the read operation. 

[Claim 8] 

A semiconductor storage according to Claim 5, which is characterized by the fact that the word lines divided by each the 
subarray are sequentially selected one by one in the read operation and plural word lines divided by each the subarray are 
simultaneously selected in the write operation. 

[Claim 9] 

A semiconductor storage according to any of Claims 5 to 8, which is characterized by the fact that the rewritable memory 
cells are nonvolatile memory cells writable with a tunnel current 

[Claim 10) 

A semiconductor storage according to Claim 9, which is characterized by the fact that the rewritable nonvolatile memory 
cells are connected in series plural by plural to construct an NAND cell. 

[Claim 11] 

A semiconductor storage according to any of Claim 1 to 9, which is characterized by the feet that plural the rewritable 
memory cells are connected in parallel to construct an OR-type memory cell unit 

[Claim 12] 

A semiconductor storage according to any of Claim 1 to 9, which is characterized by the fact that plural the rewritable 
memory cells are connected in parallel and selection gates are provided at their both ends to construct an AND-type 
memory cell unit 
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[Claim 13] 



A semiconductor storage according to any of Claim 1 to 9, which is characterized by the fact that plural the rewritable 
memory cells are connected in parallel and selection gates are provided at their one end to construct a DINOR-type 
memory cell unit. 

[Detailed Description of the Invention] 

[0001] 

[Field of Industrial Application] 

The present invention relates to a semiconductor storage capable of random read and page read, and particularly relates to 
a semiconductor storage device wherein the number of selected word lines is changed by the read operation and the write 
operation. 

[0002] 

[Prior Art) 

NAND-type EEPROMs have been known as high integratable devices in nonvolatile semiconductor devices capable 
electric rewrite (EEPROM). In these EEPROMs, one memory cell has an FETMOS structure in which a floating gate and 
a control gate are laminated on a substrate via an insulating film, and plural memory cells are connected in series in the 
form of sharing sources and drains with memory cells adjacent to each other to construct an NAND cell. 

[0003] 

The drain of the NAND cell on one end is connected to bit lines via selection gates, and the source of the NAND cell on 
the other end is connected to a common source line via selection gates likewise. The control gates of memory cells are 
continuously connected in the row direction to become a word line. Usually, an assembly of memory cells connecting to 
the same word line is called 1 page, and an assembly of pages sandwiched by a set of selection gates on the drain side and 
the source side is called one NAND block or simply one block. A memory array is usually formed in a p-type well formed 
on an n-type semiconductor substrate. 

[0004] 
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Operations of the N AND- type EEPROM are as follows. Data write is carried out in order from memory cells far offbit 
lines. A boosted write potential Vpp (= about 20 V) is applied to the control gates of selection memory cells, an 
intermediate potential (= about 10 V) is applied to the control gates of other non-selection memory cells and selection 
gates, and 0 V ("0" write) or an intermediate potential ("1" write) is applied to the bit lines in accordance with data. At this 
time, the potential of bit lines is transmitted to the selected memory cells. At the time of lt 0" a high voltage is applied 
between the float gates of the selected memory cells and the substrate, electrons is tunnel injected from the substrate to the 
float gates to shift the threshold value in the forward direction. At the time of "1", the threshold value does not change. 

[0005] 

Data erasure is carried out nearly simultaneously for all the memory cells in an NAND cell. Namely, all the control gates 
and selection gates are taken as 0 V, and a boosted erasure potential Vpp E is applied to the p-type well and the n-type 
substrate. Thereby, electrons of the float gates are discharged to the well in all the memory cells to shift the threshold value 
in the backward direction. 

[0006] 

Data reading is carried out by taking the control gates of selected memory cells as 0 V and the control gates and selection 
gates of other memory cells as source potential V a and detecting whether a current flows in the selection memory cells. 

[0007] 

In the NAND-type EEPROM, the cell current is small and a few us are taken for the discharge of bit lines because the 
memory cells are connected in series. Accordingly, about 10 us are taken for random read. Data are latched by one page in 
a sense amplifier and data latch circuit The page read is made in about 10 us because these latch data are read out only. 
For example, the page length is 256 bytes, thus a time of 
10 + 0.1x 255 -35 us 

is taken by 1 time of random read and 255 times of page read to read one page data Accordingly, in case of reading data 
throughout plural pages, the random read operation of 10 us is needed in a switching part of pages. 

|0008] 

As a method for reading data of plural pages in a cycle of page read wherein the random read operation in the page 
switching is eliminated in appearance, for example, a method wherein the memory cell array and the sense amplifier and* 
data latch circuit are 2-divided to carry out the random read and page read simultaneously (Japanese Patent Application 
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H4-15783 1). In this method, the random read operation is not inserted into switching points of page and data can be read 

throughout plural pages while keeping the timing of page read by performing the page read operation on one 

side of the 2-divided memory cell array on the one hand and performing the random read operation on the other hand. 

(0009] 

Thus, a smooth serial reading can be realized by dividing the memory cell array into plural subarrays to eliminate the 
useless time in the page switching. Accordingly, as the high density of semiconductor storages goes forward, their 
directions consist in advancing the subarraying, dividing the word lines and reducing the page size to realize high speed 
and smooth read. 

[0010] 

However, if the page size is reduced, a problem of taking a time in the write arises. For example, the write time per byte 
is compared between a case that an NAND-type EEPROM of 256-byte in page length has a page length of 256-bytes and 
a case that the page is 4-divided 64 bytes by 64 bytes. 

[0011] 

First, in the case of 256-bytes in page length, 
50 nsx 256 =12.8 us 

is taken for the data load time, if the write time of the word line selection including write confirma-tipn read, the write 
time of 1 page 256 bytes becomes 
12.8 + 300 = 312.8 us 

and the write time per byte becomes 1.22 us. 
[0012] 

However, if one page is 4-divided 64 bytes by 64 bytes, 

50 ns x 64 = 32 us is taken for the data load time, and 300 us is taken for the write time of word line selection inclu- 
ding write confirmation read. This is because the write time of word line selection including the write confirmation read 
is 300 us and the write is similarly made in a lump of one page indepen-dently of the paper size, thus the write 
confirmation read is carried out. Accordingly, the write time of one page 64 bytes becomes 
32 + 300 = 3032 us and the write time per byte becomes 4.74 us. 

[0013] 
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As described above, there was a problem that if the paper size is divided, the write time per byte is extended in 
accordance with the number of divisions, for example, if the paper size is 4-divided, the write time per byte becomes 
about 4 times. 



[0014] 

[Problems overcome by the Invention} 

Thus, in the conventional semiconductor storage, a memory cell array is divided into plural subarrays and the page read 
operation is carried out by one subarray while the random read operation is carried out by the other subarray so as to 
smoothly perform serial read without cutting out it in the random read time during page switching. However, there was 
such a problem that the page size of write shortens and the write time per byte increases at the same time by dividing the 
memory cell array into plural subarrays. 

[0015] 

This invention was made in view of the above problems, and its purpose consists in providing a semiconductor storage 
capable of page read and random read, and particularly capable of smooth page read and high speed write. 

[0016] 

This invention adopts the following construction to solve the above subject. Namely, this invention is characterized by 
having a means for changing the number of the word lines selected by one-time operation in a semiconductor storage 
device wherein mutually orthogonal word lines and bit lines are arranged plural by plural, an array disposed with 
rewritable memory cells in respective crossing parts of these word lines and bit lines is divided into plural subarrays. This 
invention is characterized by simultaneously selecting plural word lines divided by each the subarray in the write operation 
in a semiconductor storage device wherein mutually orthogonal word lines and bit lines are arranged plural by plural, an 
array disposed with rewritable memory cells in respective crossing parts of these word lines and bit lines is divided into 
plural subarrays. This invention is characterized by simultaneously selecting respective corresponding word lines in paired 
subarrays by one set of row address in the write operation in a semiconductor storage device wherein mutually intersecting 
word lines and bit lines are arranged plural by plural and an array disposed with rewritable memory cells is divided into at 
least two subarrays in respective crossing parts of these word lines and bit lines. This invention is characterized by 
making the page size in the write operation longer than the page size in the read operation in a semiconductor storage 
device wherein mutually imersecting word lines and bit lines are arranged plural by plural and array disposed with 
rewritable memory cells is divided into at least two subarrays in respective crossing parts of these word lines and bit lines. 
This invention is characterized by dif-ferenu'ating the number of selected word lines by the read operation and write 
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operation in a semi-conductor storage wherein mutually intersecting word lines and bit lines are arranged plural by plural 
and an array disposed with rewritable memory cells is divided into at least two subarrays in respec-tive crossing parts of 
these word lines and bit lines. More specifically, this invention is characterized by having a means for changing the 
number of word lines selected by one-time operation, i. e., the page size by the read operation and write operation. 

[00171 

Here, the following embodiment forms are given as desirable ones of this invention. 

(1) The number of word lines selected by one-time operation is maximum one in the respective subarrays by the read 
operation or write operation. 

(2) The number of word lines selected by the write operation is greater than the number of word lines selected by the read 
operation. Namely, the page size of write operation is larger than the page size of read operation. 

(3) The array divided word lines are sequentially selected one by one by the read operation and plural array divided word 
lines are simultaneously selected by the write operation. 

(4) The rewritable memory cells are nonvolatile memory cells writable with a tunnel current 

(5) The electrically writable nonvolatile memory cells are connected in series plural by plural to construct an NAND 
cell. 

[0018] 

[Functions] 

According to this invention, array divided word lines are sequentially selected in the read operation, therefore a smooth 
page read can be realized by not allowing the random read time in the switching of page to become useless in appearance 
during continuous read of data of plural pages. Moreover, plural array divided word lines are simultaneously selected in 
the write operation, therefore high speed page write can be realized by making the page size in the write operation longer 
than the page size in the read operation. 

[0019J 

[Embodiments] 

Embodiments of this invention will be illustrated by reference to drawings below. 
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(Embodiment 1) 



Fig. 1 is a block diagram of memory array of a semiconductor storage relating to one embodiment of this invention. In 
the diagram, WL,1 - WLJ, WL, r - WL^ are word lines, R/D, - R/D m are row decoders, M,,l - M^l, M„ f - M^ are 

memory cells, and LA|1 - LAJ, LA, r - LA m are sense amplifier and data latch circuits. The memory cell array is two- 
divided into a subarray 1 and a subarray r. Although not shown in the diagram, bit lines BL are disposed in a direction 
orthogonal to the word lines WL 5 and the sense amplifier and data latch circuits LA are connected to the respective bit 
lines BL. 

[0020] 

As a memory cell M, 1 transistor/1 capacitor DRAM or static RAM of can be used, a non-volatile ROM having control 
gates and float gates and an NAND cell given by connecting them in series may also be used. Here, a memory cell M is 
illustrated as DRAM. 

10021] 

Fig. 2 shows a read operation of memory cell array of Fig. 1 . If the word line WLjl is first selected, a random read about 

WLjl is carried out, and storage data of M, {] - M^l are transferred to the sense amplifier and data latch circuits. Next, 
the data transferred to the sense amplifier and data latch circuits are page read sequentially, meanwhile a subsequent 
word line WL, r is selected, a random read about the WL Ir is carried out, storage data of memory cells Mj ir - M^ are 

transferred to sense amplifier and data latch circuits, and the page read of LAjl - LA 0 1 is ended and the page read of LAj, 
- LAnr is continuously carried out. 

[0022| 

Then, a word line LA 2 1 is next selected and a word line LA^l is subsequently selected, and the page data of the subarray 
I and the subarray r serially read out alternately without midway interruptions. Moreover, as shown in Fig. 3, a row 
address RA for the word line selection may also be input during page-page switching. In this case, for example, word 

lines WL^i)! is first selected, then a serial read of page data of the subarray 1 and the subarray r, like WL In WL 3b WL^ 
1)r is alternately carried out, but the selection of word lines in the subarrays is made in accordance with the row address. 

[0023] 
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As shown in Fig. 4, the input of the row address RA for the word line selection may also be made by collecting it at the 
beginning of read rather than in the page-page switching. 



[0024] 

Fig. 5 shows the write operation of memory cell array of Fig. 1, but 2 pages of data are loaded in the sense amplifier and 
data latch circuits LAjl - LAJ and LA, r - LA,* of both subarray I and the subarray r which are divided at first Next, for 
example, if the word line WLjl and WL lr are simultaneously selected, the data loaded in the sense amplifier and data 
latch circuits LA,"1 - LA„1 and LA, r - LA m are simultaneously written in the memory cells M n l - M^l and M Mr - M lnr . 

(0025] 

In this case, a pair of word lines WL r l and WL, r are selected in a row decoder R/D, even if a row address input at the 
time of write is not a row address for differentiating the subarray 1 and the subarray r, e. g., by No. "1 " only, just as the 
selected word lines are WL,1 and WLi r relating to the subarray 1 and the subarray r. 

[0026] 

As shown in Fig. 6, any one word line may be selected by the row address RA input relating to the subarray 1 and the 
subarray r, respectively. In this case, if a No. "31" is input for the subarray 1 and a No. u (m-2)r" is input for the subarray r 

and 2 page data are loaded in the sense amplifier and data latch circuits LAil - LA„"I and LA Ir - LA^ of both 2-divided 

subarray I and the subarray r, the word lines WL,1 and WL^* are simultaneously selected, and the data loaded in the 

sense ampli-fier and data latch circuits LA]1 - LA n l and LA Jr - LA m are simultaneously written in the memory cells Mnl 

-M In 1 andMju-Minr. 



[0027] 

Thus, according to this embodiment, a random read time in the switching of pages does not become useless in 
appearance and ta smooth page read can be carried out by dividing the memory cell array into the two subarrays 1, r and 
sequentially selecting the array divided word lines WL in the continuous read of data of plural pages. Moreover, the page 
size in the write operation becomes longer than the page size in the read operation and thereby the high speed write can 
be carried out because the two array divided word lines are simultaneously selected in the write opera-tion. 



(Embodiment 2) 



12 



F H 009005 



A case of 4-dividing a memory cell array is shown in Fig. 7. In the diagram, 1 shows a subarray, 2 a sense amplifier and 
data latch circuit, 3 a row decoder, 4 a column decoder, and 5 a data input/output buffer. The memory cell array is 
divided into 4 subarrays 1, the sense amplifier and data latch circuits (A - D) and the column decoders (A - D) are 
provided for respective subarrays 1. The row decoder is provided between the subarrays A, B and between the subarrays 
C,D. 

|0028] 

In the case of this embodiment, the word lines are also selected one by one at the time of read. For example, as shown in 
Fig. 8, the word lines A, B, C, D can be sequentially selected in accordance with the input row address RA to carry out a 
smooth serial read. 

[0029] 

At the time of writing, as shown in Fig. 9, the written data are loaded in the sense amplifier and data latch circuits A - D, 
then the four word lines A, B, C, D are simultaneously selected in accordance with the input row address RA and the 
data loaded in the sense amplifier and data latch circuits A - D are written into the memory cells relating to the word 
lines A, B, C, D. 

10030} 

Accordingly, the word line A and word line B and the word line C and word line D can be selected respectively and 
separately at the time of read, and the word lines A - D can be simultane-ously selected at the time of write by a row 
decoder AB and a row decoder CD. 

(Embodiment 3) 

The embodiments of DRAM, SRAM-containing memories capable of common write were illustrated above, but this 
invention is not limited thereto, and non-volatile memories having control gates and float gates (charge storage layer) can 
also be applied. However, if an access to long pages is considered, it is desirable to do the write with a runnel current. 
Moreover, memory cell units made by connecting plural memory cells, e. g., an OR-type memory cell unit made by 
connecting plural memory cells in parallel, an AND-type provided with selection gates on their both ends and a DINOR- 
type memory cell unit made by connecting memory cells in parallel and provided with selection gates on their one end 
may also be used. 



(0031] 



13 



FH 009006 



The word line voltages of read and write in these flash EEPROMs are according to their respective devices. For example, 
in the case of NAND type EEPROM, the read and write can be carried out by taking the word lines (control gates) of 
selected memory cells as 0 V and the word lines of other selected memory cells and the selection gates as source 
potential V re and detecting whether a current flows in the selection memory cells. 

10032] 

A boosted write potential (- about 20 V) is applied to the word lines (control gates) of selection memory cells, an 
intermediate potential (= about 10 V) is applied to the control gates of other non-selection memory cells and the selection 
gates, and 0 V ("0" write) or an intermediate potential ("1" write) is applied to the bit lines in accordance with data at the 
time of write. At this time, the potential of bit lines is transmitted to the selected memory cells. 

[0033] 

Then, at the time of data u 0", a high voltage is applied between the float gates of the selec-tion memory cells and the 
substrate, and electrons are tunnel injected from the substrate into the float gates to shift the threshold value in the forward 
direction. At the time of data "1", the threshold value does not change. 

[0034] 

Data erasure is carried out nearly simultaneously for all the memory cells in the NAND cell. Namely, all the control gates 
and selection gates are taken as 0 V, and a boosted erasure potential 

Vpp E (about 20 V) is applied to the p-type well and the n-type substrate. Thereby, electrons of the float gates are discharged 
to the well in all the memory cells to shift the threshold value in the backward direction. 

[00351 

Although same effects as Embodiment 1 are obtained in such an embodiment, like the NAND-type EEPROM, the 
operation wherein plural word line are simultaneously selected to carry out the write is particularly effective in one 
having a long write time of word line selection including the write confirmation read. 

[0036] 

Moreover, this invention is not limited to the aforesaid embodiments. The number of divisions of a memory cell array is 
not limited to two or four and can be properly changed in accordance with specifications. Furthermore, the number of 
word lines selected by one operation is maximum 1 in the respective subarrays, and the number of word lines selected by 
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the write opera-tion had better be greater than the number of word lines selected by the read operation. In general, array 
divided word lines had better be sequentially selected one by one in the read operation, and the plural array divided word 
lines had better be simultaneously selected in the write operation. Besides, this invention can be variously modified and 
embodied in a range where the substance of this inven-tion is not deviated. 

[0037] 

(Efficacy of the Invention J 

As described in detail above, according to this invention, the array divided word lines are sequentially selected in the 
read operation, therefore the random read time in the switching of page does not become useless in appearance and 
smooth page read can be realized during continuous reading of data of plural pages. Moreover, the plural array divided 
word lines are simultaneously selected in the write operation, therefore high speed page write can be realized by making 
the page size in the write operation longer than the page size in the read operation. 
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[Brief Description of the Invention] 



[Fig. 1] Block diagram showing basic construction of semiconductor storage relating to Embodiment 1 . 

[Fig. 2] Signal waveform chart showing read operation of memory cell array of Fig. I . 

[Fig. 3 J Signal waveform chart showing read operation of memory cell array of Fig. 1 . 

[Fig. 4J Signal waveform chart showing read operation of memory cell array of Fig. 1 . 

[Fig. 5] Signal waveform chart showing write operation of memory cell array of Fig. 1 . 

[Fig. 6] Signal waveform chart showing write operation of memory cell array of Fig. 1 . 

[Fig. 7] Block diagram showing basic construction of semiconductor storage relating to Embodiment 2. 

[Fig. 8] Signal waveform chart showing read operation of memory cell array of Fig. 7. 

[Fig. 9] Signal waveform chart showing write operation of memory cell array of Fig. 7. 

[Description of the Symbols] 

1 1, r subarrays 

2 LAjl - LA n l, LA Ir - LA W sense amplifier and data latch circuits 

3 R/D r R/D m row decoders 

4 column decoder 

5 data input/output buffer 

WL,1, WLJ, WL Ir - Wl™ word lines 
WL„1, WLnJ, WL llr - WL^ memory cells 



(top) 

subarray I 



subarray r 



[Fig. I] 



[Fig. 2] 



Clock 
WL11 
WLIr 
WL21 
WL2r 



selection non-selection 
word line selection/bit line sense 
word line selection/bit line sense 
word line selection/bit line sense 



selection non-selection 
selection non-selection 
selection non-selection 

word line selection/bit line sense 
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(Fig. 51 



) 



Clock 

I/O write data load 

WLll/WLlr non-selection selection non-selection 

lFig.3] 

Clock 

Fig.4] 

Clock 

lFig.6] 

Clock 

WL31/WL(m-2)r non-selection selection non-selection 

[Fig. 7] 

(row 1 ) subarray A row decoder AB subarray B subarray C 

row decoder CD subarray D 
(row 2) word line A word line B word line C word line D 

(row 3) sense amplifier and data latch circuit A sense amplifier and data latch circuit B 

sense amplifier and data latch circuit C sense amplifier and data latch circuit D 
(row 4) column decoder Acohimn decoder B column decoder C 

column decoder D 

data input/output buffer 
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[Fig. 8] 



Clock 

Word line A 
Word line B 
Word line C 
Word line D 

serial read about word line A serial read about word line B 

serial read about word line C serial read about word line D 

(Fig.9J 

Clock 

I/O write data load 

RA 

Word lines A - D non-selection selection non-selection 
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